A method is described whereby amyloplasts from immature baley (Hordeum distichum L.) endosperm could be separated into two populations of arge and smal amyloplasts at all stages of development. The small amyloplasts had more amylopectin than the large at early stages, but by 60 days after anthesis, the large had the greater proportion of amylopectin. Starch synthetase activity was associated with both types of amyloplast. The nudeotide specificity of the starch synthetase associated with each population varied independently throughout development. At 25 days after anthesis, the lae amyloplasts were more susceptible than the small to a-amylolysis; however, at 38 and 60 days, the small amyloplasts became more susceptible.
which are deposits of starch, possibly incorporating some of the enzymes of starch synthesis (7) , and which may be surrounded by a membrane (5) . In barley endosperm, there is generally only one starch granule in each mature amyloplast. Amyloplasts in barley can be divided into two populations -large and small. The initial, transparent, beanshaped granules which can be seen in the amyloplasts of barley endosperm at 4 days after anthesis grow rapidly and may be up to 35 ,m in diameter at maturity. At about 14 days after anthesis, small, spherical amyloplasts appear. These do not grow larger than 10 ,tm in diameter. May and Buttrose (16) have called the large granules type A and the small ones type B. Type A granules were said to be initiated up to 2 weeks after anthesis but not later, whereas type B granules are produced only after 14 days. No evidence, however, was presented to support this. Buttrose (6) , in his study of developing wheat amyloplasts from immature endosperm, stated that in each plastid there occurs the initiation of one starch granule which grows rapidly in size. This is followed later by the initiation of small amyloplasts in the stroma space. The ratio by numbers of large and small amyloplasts in different barley varieties at maturity has been found to vary from 5.5:1 to 35:1 (14) .
There are conflicting results concerning the amylose and amylopectin contents of large and small amyloplasts. Bathgate and Palmer (1) have reported the amylose content of small barley amyloplasts to be higher than that of the large; conversely, Goering and De Haas (13) have shown that the large have a higher amylose content than the small. Other results have shown no significant difference (11) . Since some discrepancies observed may be due to the techniques of separation, a method was required which ensured satisfactory separation of amyloplasts. Methods using Ludox and Urografin density gradients have been found to be successful in the separation of large and small potato amyloplasts (9 This was then centrifuged at 500g, 4 C for 10 min in a swing out head. After centrifugation, the original layers which were still visible were separately removed with a Pasteur pipette and the pellet at the bottom was scraped off and resuspended in buffer. The amyloplasts could be recovered from the sucrose solutions by centrifugation. When larger quantities were required, 50 endosperms were homogenized in 10 ml buffer. After filtration as before, the filtrate was layered on a gradient of 20 ml each of 80%, 60%, 40%, and 20% sucrose in a 100-ml centrifuge tube. This was centrifuged and the layers removed as for the smaller gradient.
The 60% layer was used as a source of small amyloplasts and the pellet at the bottom as a source of large amyloplasts.
The method for counting amyloplasts was adapted from May and Buttrose (16) .
Determination of Amylopectin and Amylose Content of Amyloplasts. Large and small amyloplasts were prepared on the sucrose gradient and washed three times with distilled H20.
They were then dried at 40 C for at least 48 hr. Amylopectin and amylose contents were determined using the blue value method of Gilbert and Spragg (12) , except that 1 mg amyloplasts was used and reagent quantities were adjusted accordingly. Starch Synthetase. Starch synthetase activity was estimated in large and small amyloplast fractions by a colorimetric assay with either ADPG or UDPG as the nucleotide sugar substrate. The amyloplasts were suspended in 1 ml glycine * NaOH buffer, pH 8.6, and 0.2 ml used for the assay. After incubation at 25 C for 2 hr, the ADP or UDP produced was estimated by the method of Leloir (15) .
Degradation of Amyloplasts by a-Amylase. Five mg washed and dried amyloplasts were suspended in 1.9 ml HEPES buffer 6.9, except for one experiment with amyloplasts from 25-day barley when 2 mg were used. To this was added 0.1 ml aamylase (0.01 unit) from hog pancreas. The reagents were incubated at 25 C. One-tenth ml buffer replaced the enzyme in the control experiment. Samples (0.01 ml) were removed at known time intervals and their reducing sugar content estimated by the method of Somogyi (20) as modified by Nelson (18) .
Amyloplast Degradation at Germination. Endosperms were dissected out from barley at two ages of developing grain and at four stages of germination. These were homogenized in 1 ml iodine solution (0.2%12 in 2% KI) and the numbers of large and small amyloplasts determined.
RESULTS
Separation of Large and Small Amyloplasts. The 60% sucrose layer was found to contain an almost homogeneous population of small amyloplasts and the pellet at the bottom of the gradient was found to contain a similarly homogeneous population of large amyloplasts. Light micrographs of the original homogenate and large and small amyloplast fractions are shown in Figures 1,  2 , and 3, respectively. The 80% sucrose layer contained a mixture of large and small amyloplasts. The 20% and 40% sucrose layers contained small amyloplasts, mixed with other small particles and larger portions of intact cells. Most of these larger pieces from the original homogenate were removed by the initial filtration through double muslin. Sixty-seven per cent of the amyloplasts from the homogenate were recovered from the gradient. The ratio of small to large that were recovered from barley 25 days after anthesis (3.5:1) was almost exactly the same as the ratio found in vivo at that age (3. Determination of Amylopectin and Amylose Content. The amylopectin and amylose contents of the separated large and small amyloplasts from 25 days after anthesis are shown in Figure 4 . Initially, the large amyloplasts contain 75% amylopectin. This falls to 55% amylopectin at 40 days after anthesis, and then rises again to 71% by 60 days after anthesis. At 25 days after anthesis, the amylopectin content of the small amyloplasts is 95%. This drops to 69% at 35 days after anthesis and remains around this level until 50 days after anthesis. After this, it drops again, until by 60 days after anthesis, the amylopectin content is only 60%. This means that the amylopectin content of the small amyloplasts is higher than that of the large amyloplasts throughout development until 60 days after anthesis when it falls below that of the large amyloplasts.
Starch Synthetase. The starch synthetase associated with large amyloplasts was found to be active with UDPG only between 20 and 25 days after anthesis (Fig. 5) . Activity with ADPG was present by 22 days after anthesis and continued throughout development. The maximum activity with ADPG occurred at 40 days after anthesis. With the small amyloplasts, the opposite effect was seen (Fig. SB) . Until 22 days after anthesis, the starch synthetase was active with ADPG; however, after this age, it was active with UDPG.
Degradation of Amyloplasts by a-Amylase. At 25 days after anthesis, the large amyloplasts were more susceptible to aamylolysis (Fig. 6) ; however, at 38 and 60 days, the small amyloplasts became more susceptible (Fig. 7) . Thus, the rate of reducing sugar production from amyloplasts does not appear to depend upon the percentage amylopectin content of the starch of those amyloplasts.
Amyloplast Degradation at Germination. The ratios of small to large amyloplasts at different stages in development and germination are shown in Table I .
The number of small amyloplasts compared to the number of large increases during development. At the structure of the amyloplasts was preserved, as seen under the electron microscope. At least some of the associated enzymic activity was retained.
When amyloplasts were separated on the sucrose gradient, differences in amylose and amylopectin contents between large and small were found throughout development. At maturity (that is, about 60 days after anthesis), the large amyloplasts have a higher proportion of amylopectin than the small amyloplasts. This agrees with the work of Bathgate and Palmer (1) (19) who found, using the scanning electron microscope, that the small granules were degraded first on malting, whereas Bathgate and Palmer (2), using malt a-amylase on barley starch, found that the small amyloplasts were more resistant than the large. In this context, extracts from germinated barley did not appear to degrade immature amyloplasts. Thus, the membrane structure of the immature organelle may be less permeable to barley amylases than hog pancreatic a-amylase. This is likely, since the immature amyloplast must have resistance to the hydrolases known to be present in the developing grain (8) .
The activity, source, and purity of the hydrolytic enzymes used, together with the permeability properties of the amyloplast membrane (when present), must be considered when devising experiments to study amyloplast structure by degradative techniques. It is clear that there are at least two populations in developing barley endosperm. They differ in size, composition, and associated enzyme activity. Further work in this laboratory using '4C labeling has confirmed that those amyloplasts produced just after anthesis grow to become large amyloplasts. The small amyloplasts are produced later in development.
LITERATURE CITED
